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(54) SEWAGE TREATMENT METHOD AND APPARATUS 
(57)Abstract 

PROBLEM TO BE SOLVED: To prevent the formation of scale for a 
long time in the treatment of sewage even if hard water is treated. 
SOLUTION: In this wet oxidizing treatment method of sewage adding 
an oxidizing agent to sewage at a high temp, under a high pressure to 
oxidize and decompose an org. pollutant in sewage, the oxidizing 
treatment is performed by using a metal reactor 1 and the inner wall 
of the reactor 1 is set to an anode and a cathode 2 is provided in 
opposed relation to the anode to apply DC voltage across the anode 
and the cathode so that an electrolytic current becomes constant In 
this method, when the applied voltage rises to a predetermined set 
value, it is pref. to apply inverse voltage across both electrodes for a 
definite time in the same electrolytic current and the reactor 1 is 
pref. cylindrical and the cathode is pref. composed a mesh cylindrical 
electrode. 
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[Title of the Invention] 

Sewage Treatment Method And Apparatus 
[Claims] 

[Claim 1] A method of wet oxidative treatment of a sewage by 
effecting oxidative decomposition of organic polluting materials 
in the sewage at a high temperature under pressure by addition of 
an oxidizing agent which comprises conducting the oxidative 
treatment with the use of a metallic reactor, using the inner wall 
of the reactor as the cathode and providing a cathode so as to face 
the anode to apply a direct current voltage between the cathode 
and the anode so as to render the electrolytic current constant. 
[Claim 2] A method of the treatment of a sewage of claim 1 , wherein 
an inverse voltage is applied between both electrodes for a 
specified period of time in the same electrolytic current when the 
applied voltage has risen to a specified set value. 
[Claim 3] A sewage treatment apparatus by effecting wet oxidative 
decomposition of a sewage at a high temperature under pressure with 
addition of an oxidizing agent comprises using a cylindrical 
metallic reactor, providing a meshed cylindrical electrode so as 
to face the inner wall of the reactor to connect a direct current 
power source to the reactor and the cylindrical electrode. 
[Claim 4] A sewage treatment apparatus of claim 3, wherein the 
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metallic reactor is made of metallic titanium or has an inner wall 

lined with metallic titanium or plated with platinum. 

[Claim 5] A sewage treatment apparatus of claim 3 or claim 4, 

wherein the cylindrical electrode is the one obtained by plating 

a metallic titanium substrate with platinum. 

[Detailed Explanation of the Invention] 

[Technical Field to Which the Invention Belongs] 

The present invention relates to a sewage treatment, and 
particularly it relates to a wet oxidative treatment method and 
an apparatus which subject a sewage containing organic polluting 
substances to oxidative decomposition in a high-pressure reactor. 
[Prior Art] 

Heretofore, it is known that in treating an organic sewage, 
particularly a sewage and an activated sludge which contain a 
biologically-hard-to-decompose chemical oxygen demand (COD) , a wet 
oxidative treatment method comprises subjecting organic polluting 
substances in the sewage to oxidative decomposition by excess 
addition of an oxidizing agent such as oxygen and hydrogen peroxide 
in a high-pressure reactor at a high temperature under high pressure 
in the presence of a powder oxidizing catalyst, but in the case 
of high hardness water to be treated, when the treatment is conducted 
at a temperature range of 120°C or higher according to the 
conventional wet oxidation method, hard components such as calcium 
in the water to be treated will be supersaturated and deposited 
on the inner wall of the reactor to form a so-called "scale" . When 
the scale as such is allowed to grow, such a problem is caused that 
the effective volume of the reactor will be decreased and the 
treatment soon ceases to function or the like and also the removal 
of once formed scales will be extremely difficult . 
[Problem to Be Solved by the Invention] 
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The present invention has an object to provide a sewage 
treatment method and an apparatus capable of solving the problems 
of the above described conventional technique and preventing 
formation of scales for a long period of time even in the case of 
the treatment of high hardness water to be treated. 
[Means to Solve the Problem] 

In order to solve the above described problem, according to 
the present Invention, in the wet oxidative treatment of a sewage 
by effecting oxidative decomposition of organic polluting 
substances in the sewage at a high temperature under pressure by 
addition of an oxidizing agent, the wet oxidative treatment is 
conducted with the use of a metallic reactor, and the inner wall 
of the reactor is used as the anode and a cathode is provided so 
as to face the anode to apply a direct current voltage between the 
cathode and the anode so as to render the electrolytic current 
constant. In this treatment method, when the applied voltage has 
once risen to a specified set value, an inverse voltage may only 
be suitably applied between both electrodes for a specified period 
of time in the same electrolytic current. Further, in the present 
invention, in the wet oxidative treatment equipment of a sewage 
which effects oxidative decomposition by adding an oxidizing agent 
at a high temperature under pressure, a cylindrical metallic reactor 
is used and a meshed cylindrical electrode is provided so as to 
face the inner wall of the reactor and a direct current power source 
is connected to the above described reactor and cylindrical 
electrode . 

In the above described treatment apparatus, the metallic 
reactor is preferably made of metallic titanium or the inner wall 
of the reactor is preferably be lined with metallic titanium or 
plated with platinum. Further, the above described cylindrical 
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electrode is preferably the one obtained by plating a metallic 
titanium substrate with platinum. With shorter distances between 
the inner wall and the anode, namely, with shorter inter- electrode 
distances, the voltage is more reduced but there is a fear of 
clogging due to suspended solids, and thus, the inter-electrode 
distance is preferably about 3 to 10 mm. Thus , the present invention 
is to use the inner wall as the anode to constantly apply a specified 
anode current to the anode with the use of a constant-current power 
source to prevent formation of scales . Namely, in the wet oxidative 
treatment method of adding an oxidizing agent to organic polluting 
substances in a sewage to effect oxidative decomposition at a high 
temperature under high pressure, the inner wall of a cylindrical 
metallic reactor is used as the anode and a meshed cylindrical 
cathode is provided so as to face the anode, and a direct current 
voltage is applied between the cathode and the anode so as to render 
the electrolytic current constant to prevent formation of scales. 
[Mode of Working the Invention] 

The present invention will now be explained in detail below. 
When a constant anode current is applied to the inner wall of the 
reactor with the use of a constant-current, by the following anode 
decomposition reaction (1), 

H z O -» 2H + + l/20 2 + 2e' (1) 
a hydrogen ion is formed, and accordingly a thin liquid film in 
contact with the inner wall of a reactor, that is, the acidity of 
the liquid boundary film can be maintained higher than that of the 
inner liquid to be treated. On the other hand, it is thought that 
the mechanism of forming a scale to be induced from a rise in the 
temperature of the liquid to be treated is mainly caused by the 
lowering in the solubility of calcium carbonate with the rise in 
temperature, and the deposition reaction is as the following (2). 
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Ca 2+ + C0 3 2 ' -* CaC0 3 I ( 2 ) 

However, in the liquid boundary film having high acidity, the 
following bicarbonate ion-forming reaction (3) 

C0 3 2 - + H + -> HCCV ( 3 ) 

proceeds and as a result, the deposition of calcium carbonate by 
the reaction (2) at the inner wall of the reactor is inhibited. 
Furthermore, the calcium carbonate once deposited on the above 
described inner wall is dissolved and removed by the following 
reaction ( 4 ) . 

CaC0 3 i + H + -> Ca 2+ + HC0 3 " ( 4 ) 

Further, in addition to the dissolving action by the reaction 
(4), the scale release action by an oxygen gas generated by the 
reaction (1) is effective. However, it is difficult to avoid 
deposition of scales on the surface of the cathode of the present 
invention. Then, the electric resistance of the cathode surface 
rises with the scale deposition on the cathode surface, and in order 
to maintain a constant electrolytic current (anode current), the 
applied voltage of the output voltage of a constant-current power 
source will be raised. 

In the present invention, when the applied voltage has risen 
to a specified set value, an inverse voltage is to be applied between 
both electrodes for a specified period of time in the same 
electrolytic current. By this inverse voltage, the scales formed 
in the cathode surface are dissolved, released and removed by the 
above described reactions (1) and (4). Then, with the passage of 
a specified period of time of the inverse voltage application, 
application of the positive voltage is started again. The 
electrolytic current may be at least 0.1 mA per cm 2 of the inner 
wall area of a reactor, namely at least ImA/cm 2 as the electrolytic 
current density, preferably 0.5 to 5 ImA/cm 2 . The electrolytic 
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energy to be consumed by the present invention is mostly converted 
into heat energy which is effectively utilized to heat the liquid 
to be treated or maintain the temperature of the liquid to be treated 
without increasing any running expense. From the standpoint of 
electrical conductivity and corrosion resistance, the material of 
the inner wall of a reactor is suitably the one obtained by plating 
a stainless steel substrate with platinum or metallic titanium or 
the one obtained by plating a metallic titanium substrate with 
platinum. 

The meshed cylindrical electrode to be mounted on the inside 
of the reactor is preferably made of metallic titanium or the one 
obtained by plating a metallic titanium substrate with platinum 
or by plating a stainless steel with platinum. The treatment of 
an aqueous solution under subcritical conditions or supercritical 
conditions is, needless to say, in the scope of the claim of the 
present invention. The present invention will now be explained 
with reference to the drawing. Fig. 1 is a view of the entire 
constitution of the treatment apparatus of the present invention. 
In Fig. 1, numeral 1 is a cylindrical metallic reactor, and a meshed 
cylindrical electrode 2 is provided so as to face the reactor 1 , 
and the reactor 1 and the cylindrical electrode 2 are connected 
to a constant -current power source 3, and a constant current is 
applied during the oxidative treatment. Further, numeral 4 is a 
stirrer and numeral 5 is a cover. 
[Example] 

The present invention will be concretely explained by using 
an example . 
Example 1 

The apparatus used in the experiment is the one shown in Fig. 
1. The autoclave of the reaction vessel used in the experiment was 
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cylindrical and had an inner volume of 300 mL and the material was 
platinum-plated titanium. The electrode installed as the cathode 
was of a cylindrical mesh shape and the material was platinum- 
plated titanium. The distance between the reaction vessel and the 
cathode was 4 mm. As the water to be treated, tap water having been 
added with calcium chloride and sodium bicarbonate so as to render 
the calcium hardness 250 mg/L and the total alkalinity 200 mg/L 
was used. The water to be treated was placed in an amount of 250 
mL in the reaction vessel to raise the temperature and, at the same, 
to start a constant-current electrolysis with a current of 150 A 
(2 mA/cm 2 as the anode density). The reaction vessel was heated 
at a constant heat-up rate and maintained at 200°C for 40 minutes. 
The change in voltage and the conversion of electrolytic polarity 
during this period of time are set forth in Table 1 below. 



Table 1 



Time (min) 


Temperature ( °C) 


Voltage (V) 


Electrolytic 
Polarity- 


0 


20 


4.2 


Positive 


10 


50 


4.3 


Positive 


20 


80 


4.6 


Positive 


30 


110 


5.3 


Positive 


40 


140 


5.9 


Positive 


50 


170 


6.3 


Positive 


60 


200 


6.5 


Positive — * Inverse 


70 


200 


4 . 3 


Inverse 


80 


200 


4.6 


Inverse — > Positive 


90 


200 


4.1 


Positive 


200 


200 


4 . 3 


Positive 



After passage of 100 minutes, the electrolysis was stopped 
and the autoclave was cooled. Then, the reaction vessel and the 
cathode were taken out and the surface state was observed but no 
deposition of sales was found. On the other hand, an experiment 
was conducted under the same conditions as in the above described 
experiment except that the electrolysis was not conducted for 
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comparison. After the experiment, when the reaction vessel and the 
cathode were taken out to observe the state of the surfaces, scales 
were attached to both. 
[Effect of the Invention] 

In the present invention, the problem of formation of scales 
on the inner surface of a reaction vessel in the wet oxidative 
treatment can be solved with the use of the above described simple 
method and equipment . 
[Brief Explanation of the Drawings] 

Figure 1 is a view of the entire constitution of the treatment 
apparatus of the present invention. 
[Explanation of Numerical References] 

1: a reaction vessel, 2: a cylindrical meshed cathode, 3: a 
constant-current power source, 4: a stirrer, 5: a cover. 
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